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This research work involved the investigation of the performance 
of one of the 180 ft. diameter, flat bottomed, circular sedimentation 
tanks, which Edinburgh Corporation have proposed for their new 
primary sewage treatment works, using model analysis. 
A large scale model was chosen (1/6th scale), and raw screened 
sewage was used in tests to investigate how maximum sedimentation 
efficiency could be obtained by varying inlet and outlet design. 
It was decided that outlet design could be fixed as long as the 
length of overflow weir was adequate; a double weir was adopted. 
Twenty different inlet arrangements were investigated which were 
of three basic types: 
(i) Inflow distributed over the whole depth of tank; 
Inflow at floor level; 
Inflow at surface level. 
Also it was considered that efficient use of the whole tank area, as 
determined by uniform radial flow distribution from the inlet, was an 
important criterion. Therefore a well was constructed below the 
inlet to serve this purpose, 
After an initial series of tests lasting almost a year, it was 
found that inlet design did have some effect on tank efficiency 
particularly at the highest rates of flow. Two types of inlet 
arrangement came out best. 
(i) Four diffuser plates with wider spacing near the surface, 
giving good distribution of flow over the whole depth of 
tank. 
(2) Cylindrical inlet baffle 3" from the floor (1/8th depth), 




These two arrangements were compared more closely in a second series 
of tests using quiescent column settlement of the sewage as an aid to 
direct comparison. 
A second model was set up (1/30th scale) and tested concurrently 
with the same inlet arrangements. Results from both models showed 
that a consistently better percentage reduction of suspended solids 
could be obtained by using the low cylindrical baffle at inlet. An 
estimate of the scale effect between the two models was made and also 
a check on the flow scaling principle used. Some attempt was made 
to improve radial distribution of flow in the tank by deepening the 
well after sludge patterns and float tests had shown the existence 
of bias in the flow pattern. 
Throughout the work the design criterion was based on the worst 
anticipated flow conditions, i.e. 3 x D.W.F.; however, it was found 
at low flow rates that inlet design had little effect on tank 
efficiency. 
It is recommended that some measure of economy could be obtained 
by reducing the size of the tanks and running average flow conditions 
more in the turbulent range. 
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In 1967 Edinburgh Corporation brought out a 'Report on a scheme 
for the treatment of the City's sewage to reduce pollution of the 
River Forth'. 	In this they outlined proposals to intercept all the 
outfalls round. Edinburgh's coastline and direct all the sewage to one 
treatment works at Seafield where the sewage would be subjected to 
primary treatment. For this process eight 180 ft. diameter circular 
sedimentation tanks were contemplated. These would be central feed, 
flat bottomed tanks with sludge removal by air-lift pumping. While 
these tanks are not unique in their large size, there is little 
knowledge of the efficiency that could be obtained from them by good 
inlet and outlet design. 
Considering the need to acquire more information on the detailed 
design of such large flat bottomed tanks, with a view to maximising 
sedimentation efficiency, since only primary treatment is envisaged, 
Edinburgh University were commissioned to carry out a model investiga-
tion. Thus the broad field of research suggested in the title was 
narrowed down by practical requirements to an investigation of inlet 
and outlet arrangements in a tank of fixed shape and dimensions. 
Although the main body of the work was geared towards Edinburgh's 
requirements, other aspects of a more general interest arose during 
the research and were investigated. Some other points were raised 
during the work and are mentioned, but could not be further 






In 1904 Hazen put forward his now classical theory on sedimenta-
tion in settling basins, stating that surface area should be the 
controlling parameter for removal efficiency and that settlement is 
independent of depth and therefore detention period. Other research 
workers in this field continued on the associated theoretical 
assumptions of piston—type flow and unhindered settling of discrete 
non—flocculent particles. 
Later Camp (1946), recognizing the difference between the type 
of particles Hazen was referring to in his work (i.e. particles which 
do not change in weight, size or shape throughout the settling period) 
and the type of particles more likely to be found in sewage suspensions 
(i.e0 particles.which continue to coagulate or flocculate during the 
settling period, with consequent changes in settling behaviour), 
deduced that this theory should be true for both types of particle. 
Pitch (1957) in a later paper established that detention time must 
be significant where the settlement of this second type of particle is 
concerned. Since clarification by flocculation processes is time 
dependent, detention time must be important. He shows that density 
currents and short circuiting are harmful to tank efficiency and that 
these are dependent on the depth and therefore the detention time. 
The assumption of an ideal basin with piston—type flow has been 
proved inaccurate by many research workers analysing flow—through 
curves using tracers. 
Sedimentation tanks are large and expensive structures and it is 
obviously an advantage if the principles and design details can be 
investigated in advance by working with small scale models. Many/ 
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Many researchers, using models, have worked on the assumption that 
good hydraulic efficiency automatically ensured good sedimentation 
efficiency. This hydraulic efficiency was analysed by using clear 
water in the model with tracers or artificially prepared sediments. 
Villemonte, Rohlich and Wallace (1966) defined their 'hydraulic 
characteristics' as referring to the 'kinematics of flow through the 
basin, and thus, the flow—net'. Using tracer techniques they 
developed 'dispersion curves' from which the hydraulic efficiency was 
obtained. Using aluminium hydroxide floc in suspension they found 
that hydraulic efficiency had a direct, almost linear, relationship 
with sedimentation efficiency. 
Hubbell (1938) investigating circular sedimentation tanks for 
Detroit's primary treatment works, examined inlet arrangements in a 
1:24 scale model with a view to improving the hydraulic characteristics 
of the tank as indicated, by the flow of dye through the tank. Thus 
the purpose was to design an inlet which would produce a uniform flow 
pattern in both the horizontal and vertical planes, without inefficient 
use of portions of the 'tank associated with zones of high velocity, 
dead regions and eddy currents. He discovered that the conventional 
900 elbow directing the influent from the supply pipe to inlet gave 
unequal rates of rise in the vertical riser pipe and thus unequal radial 
distribution of flow from the inlet; this produced inefficient use of 
the tank area. He designed a well with the riser pipe extending down-
wards into it to convert the uniform horizontal flow in the supply 
pipe into uniform vertical flow in the riser pipe prior to entry to 
the tank.. The inlet arrangement was then designed to convert the 




This was done by an arrangement of concentric annular plates spaced 
above the inlet, diffusing the influent over the whole depth of tank. 
With this arrangement a much more efficient use of the tank was 
obtained, with an increase in hydraulic efficiency. 
More recent researchers, Warren Davies and Holland (1967), 
working for Skelmersdale Development Corporation, adopted this type 
of inlet arrangement in their model studies. Using a 12 ft. diameter 
model with various floor shapes, including a double slope floor 
intended to approximate to a hyperbola which would give, theoretically, 
equal velocities at all radii, they investigated several arrangements 
of diffuser plates using fluorescein tracers and suspensions of Bombay 
mud. Their purpose appeared to be to reproduce the piston—type flow 
of rectangular tanks, by attempting to obtain almost perfect radial 
flow with no circulations and constant velocity between inlet and 
outlet. This type of arrangement gave good correlation between 
hydraulic efficiency and sedimentation efficiency of discrete 
particles. 
Richards and Kirk (1964), in the design of Bristol's primary 
treatment plant, also adopted this type of inlet after studying a 
great variety of inlets in 1:12 scale models using acid—alkaline 
indicators. Relative efficiencies were assessed by visual inspection 
of horizontal and vertical flow patterns (i.e. minimum turbulence and 
dead regions), and also by measuring the Dispersion Index, this being 
the ratio of the time required to pass 90% of an incoming portion of 
water through the tank, to the time required to pass 10%. 
In all these model analyses for practical designs no account 
appears to have been taken of the settlement of sewage suspensions. 
U 
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It has been assumed that by achieving good hydraulic efficiency in the 
model that correspondingly high sedimentation efficiency of sewage 
particles will automatically follows At the time of writing, Bristol 
have noticed no difference between the performances of tanks with 
designed inlet arrangements and those without; however the sewage 
received to date had been predominantly weak in character. 
Clements and Khattab (1968) worked on the ratio of effective 
flow through time to effective settling time for the settlement of 
particles with a designed settling velocity, which they defined as 
'Time ratio' 	They suggested that this was an important parameter 
in the hydraulic characteristics of sedimentation tanks and showed 
that velocity variations on plan are of much greater importance than 
those in elevation. They calculated. 'time ratio" by measuring 
velocities with a miniature flow meter, for a wide range of tank 
shapes and inlet conditions, and showed that inlet geometry had an 
important effect on hydraulic efficiency. The effective settling 
time was calculated for a designed particle size. Sedimentation 
tests were carried out using aluminium oxide and a close correlation 
was obtained between 'time ratio' and sedimentation efficiency. 
Measurement of 'time ratio' in a full scale tank using floats, gave 
values of the same order as in the model work, where Reynolds numbers, 
corresponding to some full scale tanks, had been used. 
Hamlin (1966) has reported on work concei'ned mainly with the 
measurement of flow patterns in a full—scale rectangular tank at 
Coleshill. This was done by calculating the velocity of flow at many 
points by measuring the concentration of fluorescein dye. Results 
showed that in general effects from variations in the concentration 
EI 
and nature of suspended solids in the influent were more important to 
tank efficiency than any alterations in geometry. Further work 
showed that density differences between influent and the tank contents 
controlled the flow patterns which in turn affected tank performance. 
The effects of density currents on the scale relationship between 
model and prototype has also been discussed. by Barr (1964). 
Wills and Davis (1964) also worked on a full scale tank at 
Coleshill and on a series of models and concluded that there was little 
correlation between the flow patterns produced at the two different 
scales. 
Porteous (1964) also found that there was little correlation 
between hydraulic characteristics and. actual sedimentation efficiencies 
of sewage. 	In fact he found -that, to a limited extent, sedimentation 
fficiency actually increased with a decrease in hydraulic efficiency. 
White and Alloss (1968), appreciating the difficulties of using 
artificial suspensions, experimented on a 12 ft. diameter tank with 
raw screened sewage and also reconstituted sewage made up from sewage 
effluent and settled sludge to a constant concentration. They found 
that fluctuations in influent concentration had more effect on effluent 
quality, and thus tank efficiency, than any other parameter (i.e. 
detention time, overflow rate and inlet design). They suggested that 
the production of controlled turbulence inducing flocculation, rather 
than uniform flow pattern might give the answer to good performance. 
They also found that quiescent settling column results gave a good 
first approximation to tank performance and derived an empirical 





where Y = mean concentration in upper part of column 
x = initial concentration 
t = time (minutes) 
a, b and c are constants. 
Several workers have used quiescent settling columns with both 
artificial and sewage suspension; White and also Hall (1962) have 
shown that there is a marked difference between the settling behaviour 
of these two types of suspension. With sewage in the columns it was 
found that after a certain time there was virtually no increase in 
concentration with depth in the upper part of the column. This is 
very different from discrete particle settling where concentration 
increases with depth as settlement proceeds. 
It is also biown that gentle mixing of sewage, resulting in eddy 
formation, can accelerate the rate of flocculation and thus increase 
the particle settling velocities. Sedimentation tanks have been 
built using this principle with two or three different zones, a mixing 
or flocculating zone, a transitional zone and a settling zone, which 
have produced extremely good percentage removals of suspended solids. 
Hall in his discussion of the work by Villemonte, Rohlich and 
Wallace (1966) criticises their approach and points out the realities 
of sewage settlement as opposed to the settlement of aluminium 
hydroxide floc or any other such artificial suspension. 'The settling 
characteristics of the suspension to be treated have a vital bearing 
on the tank performance and largely dictate the hydraulic regime 
required for maximum efficiency'. Particles suspended in sewage do 
LI 
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not necessarily settle by simple gravity. These particles change in 
weight, shape and settling behaviour throughout the settling period 
and this cannot be represented in small models by artificial means. 
He also mentions the inability to reproduce in small models the 
biological activity which may occur in full scale tanks over a period 
of about two hours and which is also affected by the 'age' of the 
sewage entering the tank. This is also pointed out by Francis (1969). 
It is now widely appreciated that this once seemingly simple 
problem of sedimentation has proved a 'stumbling block' to researchers 
for many years and the lack of progress made in research indicates 
that there is no simple solution. 
Further work on achieving increased efficiency from primary 
sedimentation tanks should be weighed up economically with the effect 





There are four main independent variables affecting the settle-
ment of suspended solids in sewage sedimentation tanks. These are: 
Geometry (diameter - depth); 
Rate of inflow; 
Initial concentration and nature of inflowing sewage; 
(a) Inlet and outlet design. 
From these main variables there are other dependent variables, some of 
which are: 
Detention time; 
Surface loading rate; 
Weir overflow rate; 
(a) Density currents; 
(e) Flow patterns. 
It is appreciated that wind and sludge removal equipment can also 
have an effect on tank performance, but these are not considered in 
this work. 
It appears from past research work that the hydraulic character-
istics of sedimentation tanks have been thoroughly investigated and 
that further work in this direction might not provide any new results 
of practical significance. 	Since the practical applications of the 
project dictated that a quantitative rather than qualitative approach 
should be made, it was decided to carry out the model investigation 
with raw screened sewage. 
Experience from past research work also indicated that there would 
be considerable uncertainty with scale effects in model work concerning 
sewage. This led to the conclusion that the project would have to be 
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carried out on as large a model as possible within all practical 
limitations. The use of a segmental tank was considered in order to 
get closer to the prototype scale; however this idea was rejected 
due to uncertainties about radial flow distribution in circular tanks 
and also unknown effects which might be caused by the walls of the 
segment. Later research work carried out at the Heriot Watt 
University, Edinburgh, confirmed that wall effects in a segmental 
tank could not be eliminated. Thus it was decided that a 30 ft. 
diameter, 2 ft. deep, flat—bottomed tank (1/6th scale), using raw 
screened sewage, could reproduce quite closely the conditions that 
would be experienced in the full scale tanks. No distortion of the 
horizontal and vertical scales was made as it was thought that there 
was no theoretical criterion for this. 
Considering the variables involved, (shown above) the first two, 
i.e. geometry (diameter-depth) and rate of flow, were fixed at the 
outset by the fact that the problem was related to a particular design. 
The maximum flow rate, 3 x DØWOF., to the eight sedimentation tanks in 
the treatment works is estimated to be 177 m.g0d. This is equivalent 
to 41 cusecs to each tank under maximum conditions.* Therefore in 
order to evaluate the effect of inlet and outlet design on tank 
efficiency with these two parameters constant, the concentration and 
nature of the influent, the final independent variable, would also need 
to be kept fairly constant. 
It was decided to situate the model in a temporary building next 
to the Seafield pumping station, which receives approximately 23% o 
Edinburgh's sewage. it was initially thought that due to the large 
catchment area draining to Seafield, the nature and concentration of 
*See Appendix 1 
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the sewage would be fairly constant. However, it was intended to 
carry out some preliminary tests on the sewage to determine the 
existing fluctuations, as trade wastes and the flushing out of the 
sewers by rainfall can alter considerably the type of particles 
received. 
There is little confirmation from previous work as to whether 
the best sewage sedimentation results can be achieved by good hydraulic 
design or by controlled turbulence, leading to flocculation. It was 
not clear from the literature survey whether flocculation could be 
obtained in conventional sedimentation tanks by effectively controlled 
turbulence other than by using mechanical aids or by the addition of 
chemicals. 
It was proposed to investigate both types of flow by using a 
Hubbell type inlet well and diffuser plates to produce uniform flow 
patterns in both the horizontal and vertical planes, and also a series 
of plain cylindrical baffles to produce a controlled amount of 
turbulence. 
In general as there is little knowledge on whether entry to the 
tank should be at surface level, floor level or over the whole depth, 
it was decided to test several inlet arrangements producing a wide 
range of flow patterns in the vertical plane. The inlet well and 
riser pipe would be used in all the tests as it was considered that 
uniform radial distribution and efficient use of the tank area were 
important criteria. 
It was anticipated that the peripheral outlet weir would be very 
difficult to construct as it involved making a perfectly circular 




round. It was considered that if the weir was long enough and was 
far enough from the tank wall to prevent draw up currents, further 
arrangements would have little effect on tank efficiency and it could 
remain unaltered throughout testing. Therefore, from the preliminary 
design in the Biinburgh Corporation report, a double weir was used. 
Considering the scaling down of flow rate from the full scale to 
the model, there is considerable contradiction amongst previous 
researchers. Many workers, assuming the model to act similar to 
other hydraulic structures, i.e. with gravity and inertia forces 
predominant, have used Froude scaling, with a resulting inconsistency 
in flow regime between model and prototype (e.g. Hubbell (1938), Camp 
(1946), White and Greenlees (1962), Porteous (1964)). 	Most prototype 
tanks operate under turbulent conditions, whereas models run at Froude 
scale flow rates contain laminar conditions with resulting instability. 
Other workers using a Reynolds similarity have found that 
increases in velocity in the ratio N to 1 (where N is the scale factor), 
have produced forces great enough to break equipment and create wave 
forms. 
There is therefore no single law that applies to this problem; 
Reynold's number applies where viscous forces are predominant and 
Froude where gravity and inertia forces are most important. 
The settlement of sewage particles in a sedimentation basin 
comprises of two entirely different systems: 
The large scale system of a fluid flowing through a tank, 
where the tank size is the dimension; 
The microscopic system of tiny particles moving through a 
viscous environment, where the particle size is the dimension. 
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It is obviously difficult to represent these two systems 
accurately in a model without scaling down the water and the particle 
size as well as the tank. As there is no known fluid which will 
accurately represent sewage (or water) in a small model, there are 
obviously bound to be some scale effects when using these models to 
predict prototype behaviour. 
Several researchers have worked on the principle of reproducing 
the same velocities in the model as in the prototype, This 'equal 
velocity' scaling gives an equal surface loading in both model and 
prototype and also a flow rate somewhere between Reynolds' and oude's 
(Bruce and Dowley). 
Q model =Q prototype x N (Reynolds), x N2 ' 5 (Froude) 
and x N2 (equal velocity) 
where N=Scale factor 
Q.=Flow rate (See Appendix 1) 
This scaling gave a maximum flow rate for the model of 1.14 cusecs 
which gave a Reynolds' number of approximately 2000, The Reynolds' 
scale flow rate would be 6.84 cusecs, Reynolds' number 11,800 and the 
Froude scale flow rate of 047 cusec a Reynolds' number of 784 
The calculation of the Reynolds' number was based on the method 
used by Clements (1968) for circular models and is given by: 
Q 
+ 
where Q =Rate of flow through tank 
R =Radius of tank 
R1=Radius of inlet section 
= Kinematic viscosity of sewage 
The Reynolds' number for maximum flow conditions in the prototype is 
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high in the turbulent range it would be impracticable to attempt to 
represent this in the model. 	With the 'equal velocity' scaling, the 
flow rate gives a Reynolds' number at the lower end of the turbulent 
range whereas the Eroude scale gives conditions well into the laminar 
zone. Although it is widely known that most full scale -tanks operate 
with Reynolds' numbers well into the turbulent region, it was 
considerel that the 'equal velocity' scaling would give sufficiently 
representative conditions. As this scaling method reduces both the 
nominal detention period of the model and the Reynolds' number in 
direct proportion to the geometric scale, it is important that a 
large model is used. This is justified with the 30 ft. diameter 
model where the detention time is 20 minutes at maximum flow rates 
and the Reynolds' number is still in the lower turbulent range. 
Provision was made in the apparatus to test at a wide range of 
flow rates to investigate both turbulent and laminar flow conditions. 
The measurement of tank efficiency was calculated from analysis 
of suspended solids in influent and effluent. This was carried out 
by vacuum filtration using glass—fibre filter papers. These were 
of the type GF/C. An arrangement of six Buchner funnels was set up, 
all connected via vacuum flasks to a water vacuum pump. This 
enabled a large number of samples to be analysed in a shorter time; 
it was envisaged that there might be over 100 samples to be analysed 
after each test. It was obvious that this analysis work would hold 
up the actual testing with the model and it was decided to employ a 




MODEL TANK AND LAYOUT 
Layout of Model 
A diagram of the general layout of the model is shown in fig. 1 
and the tank is shown in plates 3 and 4. 
Model Tank 
The 30 ft, diameter model tank was constructed from a commercially 
marketed garden swimming pool which was set up on a flat concrete base; 
this tank had a P.V.C. liner which could easily be cleaned out after 
each test and would not corrode after a long period of testing. 
Se—wage e-wage Suy 
A supply of raw screened sewage was delivered to a constant head 
tank via a 6 in. submersible Flygt pump 20 ft. below floor level in 
the pumping station. The flow rate could be accurately controlled and 
a constant head obtained by valves at each side of the constant head 
tank. The inflow travelled from the constant head tank via a 9 in. 
pipe under the tank floor to a circular inlet well 1 ft. 3 in. diameter 
and 1 ft. 0" deep illustrated in fig. 2. A riser pipe 1 ft. 0" 
diameter with six symmetrically spaced vertical vanes took the flow up 
into the tank, also shown in fig. 2. 
After leaving the tank, the flow passed into a long channel with 
a 900  , V, notch weir and after calibration this was used to measure 
the flow rate to the tank during each test. From this point the 
effluent then dropped down into the existing Overflow by—pass to the 
pumping station. 
Sludge Outlet 
In order to facilitate the cleaning out of sludge settled on the 
tank floor, an outlet was constructed in the concrete base to the 
1L! 
tank. This incorporated a lifting plate which could be sealed down 
and then raised after a test to empty the tank and enable sludge to 
be swept out. 
Inlet Arrangements 
The inlet arrangements were constructed to give the three types 
of vertical flow pattern already mentioned; the two main types are 
shown in fig. 2. 	The first type, after Hubbell, comprised, a number 
of plates with concentric annular holes of various d,iameters,the 
largest hole being 10" diameter decreasing in steps of 2" to a blank 
plate. These were supported horizontally by vertical rods and 
spacers with the aim of distributing the inflow uniformly over the 
whole depth of the tank. The different numbers of plates and the 
I 
	
	spacings used are shown in the table below, in general the plate with 
the largest diameter hole was the lowest. 
The second arrangement was of the more conventional type using a 
cylindrical inlet baffle of various diameters; the clearance from the 
floor was also variable giving a control over the amount of turbulence 
produced and thus inducing a central mixing zone to promote flocculation. 
The main inlet arrangements used. 
Diffuser Plates Cylindrical Baffles 
Plain Inlet Pipe No. of Spacing 
Plates inches 4' dia, 2' 9" dia. 
6 300,30 9 3 18" from floor 18" from floor Inlet pipe -!-depth 
5 3,3,4,4,4 16" from floor 3" from floor Inlet pipe - 	depth 
4 5,5,494 7" from floor 




The outlet was a circumferential channel 8" from the tank wall 
incorporating a double weir; this channel, which was 8" x 6" in 
section, was supported on legs at 4' intervals with the weir crest 
at a height of 2 1-0" from the floor. These weir plates were notched 
at 2" centres and were adjustable to about ±"; this was carefully 
levelled using the water level in the tank as a final check. Some 
holes 2" diameter were cut in the floor of this channel to eliminate 
floatation when the tank was filling or emptying; these were plugged 
when the tank was running during a test. The effluent left this 
channel by a drop shaft 21" x 4" at one side of the tank and this led 
straight into the flow measurement channel. 
Some of the calculations and design criteria used in the hydraulic 
it 
design of the model are shown in Appendix 1. 
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2 Two types of inlet arrangement used in model tank tests. 
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As the nature and concentration of the sewage to be used was one 
of the important variables affecting the sedimentation efficiency of 
the tank, it was necessary to investigate the fluctuations in this 
parameter with a view to keeping it fairly constant throughout tank 
tests0 During construction of the model and its accompanying 
apparatus, some preliminary tests were carried out on the screened 
sewage to be used in the model. 
Sample SurveY  
In order to find out the fluctuations in concentration of sus-
pended solids in the sewage during the working day, a sample survey 
was carried out at half hour intervals between 8 a.m. and 6 p.m... 
150 ml- samples were taken after screening on different days throughout 
the week and during different weather conditions. 
In dry weather there was generally a build-up in concentration to 
a maximum between 12 a.m. and. 2 p.m. and then a gradual decrease during 
the afternoon; this is shom in fig. 3. In wet weather this general 
pattern was broken up depending on the duration and intensity of the 
rainfall. Fig. 4 shows the pattern when rainfall started at about 
8 a.m. and continued throughout the day; there is an immediate build-
up of solids which are more of the discrete particle type (i.e. grit, 
sand and mud). After this the sewage becomes weaker as it becomes 
more dilute with increased volumes of water. Thus it is apparent that 
weather conditions affect the concentration of the sewage considerably 
and that tests should be carried out during dry spells as far as 
possible. In looking for a period where conditions would be most 
suitable for testing, it appears that after 3000 p.m0 for about 1- - 2 
ri 
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hours tests might be carried out under the most constant conditions 
attainable. Apart from this, fluctuations were quite considerable 
during the day and from day to day; originally it was thought that 
with the large catchment area draining to Seafield the sewage would 
be fairly consistent. 	Some experiments were tried to investigate 
whether water could be added in various quantities to the influent 
to smooth out the largest fluctuationsin concentration. This was 
found to be impractical because of the large volumes required and the 
effects involved with temperature differences. 
It was eventually considered that the best method of overcoming 
these fluctuations in influent, was to test each inlet a large number 
of times and obtain an average solids removal efficiency. 
Settling Column Tests 
To investigate the settling nature of the sewage, two 6' high 
9" diameter settling columns were used, similar to those of White 
(1968). These had five tapping points at 1' intervals from the top 
and an outlet valve at the bottom. After filling with sewage, 50 ml. 
samples were drawn off at regular time intervals, up to two hours in 
most tests. 	These samples were analysed for suspended solids. 	The 
sample size had to be small in this case so that the settlement in 
the column was not disturbed and the surface level not reduced by any 
appreciable amount. The tapping points were in a spiral round the 
column (i.e. at 900  from each other) so that local disturbance along 
the wall from one tapping point did not disturb the adjacent ones. 
Results from these tests, Table 1, showed two main features of 
the properties of sewage which other researchers had also discovered. 
The rate of settlement of solids started off rapidly and gradually 
decreased towards two hours; after two hours there was very little 
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further settlement, figs. 5, 6. Concentration in the upper part of 
the column (i.e. that part above the zone of settled sludge), varied 
very little with depth, this is evident from the almost vertical lines 
in fig. 6. This is very different from the settlement of discrete 
particles, where the gradient of these lines would be expected to 
increase with time, concentration increasing with depth. It is 
seen in fig. 7 that this occurs to a certain extent where the column 
was filled at the start of a wet spell and there appears to be a 
higher proportion of discrete particles. This was borne out on 
several occasions in later tank tests by inspection of the sludge 
settled out on the floor; it was also observed in these wet spells 
that there was a large amount of floating particles in the columns. 
In general the rate of settlement after progressive time intervals 
varied quite considerably from day to day, indicating that different 
types of solids were arriving at the pumping station on different days. 
It was evident that brewery effluents and detergents on washing days 
affected the settleability of the sewage. Also dry and wet weather 
conditions affected the, rate of settlement, fig. 7, also in later 
column tests, figs. 43 and 44. It was thought that there was a 
possibility of changes in the ionic strength of the sewage affecting 
the settleability, however no further work was done on this aspect. 
The total percentage reduction of suspended solids in the column 
after two hours did not appear to depend as strongly on the initial 
concentration, fig. 8, as had been found. by White. However, there 
are not enough points over a wide range of influent concentrations to 
make any firm conclusions about this at this stage. 
The final concentration after two hours in the settling column 
U 
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was quite consistent around 200 ppm in a majority of tests. This 
indicated that there was a fairly constant amount of solids in the 
sewage which would not settle out within two hours fig, 8. 
Typical quiescent column settling curves are shown plotted to a 
logarithmic time scale (fig. 9) for a range of influent concentrations; 
it is shown that the concentration of suspended solids decreases 
almost linearly with logarithm of time in most cases, 
Flocculation Tests 
The settling columns were also used to carry out some further 
tests to investigate the degree to which flocculation could be induced 
in the sewage by gentle agitation. This was done by filling two 
columns with similar sewage; the first was allowed to settle unhin-
dered, while the second was gently stirred for different portions of 
the settling period. It was found by comparing the final concentra-
tions after one hour's settling that by inducing mixing in this way, 
an extra reduction in suspended solids could be achieved, fig. 10. 
This appeared to be greatest when stirring was carried out for the 
first half of the settling period.. 	This result has been found by 
other researchers (Hamlin 1966) and knowledge of this property of 
sewage is now generally accepted and could be utilized in the design 
of inlet arrangements, 
S.aT21e Size AnalXsis  
An analysis of the sample size required to give a reliable 
measurement of the suspended solids concentration in the samples taken 
from influent and effluent during tank tests, was carried out. This 
was done by taking different numbers of 50 ml. samples from the 
sewage at each sample time. After calculating the means for the 
different numbers of samples, the variance was estimated by pooling 
24 
over all the groups of samples. Using the method of 'Stems two-
stage sample' (Steel and Torrie 1960) it was found that with three 
50 ml, samples per sampling time (or one 150 ml. sample), the estimate 
of the mean of the samples was 95% sure of being within + 15 ppm of 
the true mean. 
It was also noted by plotting sample size against confidence 
range that a considerable increase in sample size would be required to 
notably decrease the confidence range. 
1 L3 0th Scale Model 
As it was not possible to use clear water in the model tank to 
study flow patterns and flow through curves due to the large flow rate 
required, it was decided to build a smaller model in the University 
laboratories, A 6' diameter tank (1/30th scale) was constructed in 
plywood similar to the large model except for the depth which was 7" 
instead of 4.8". Also the inlet well was proportionally larger and 
the outlet a single weir instead of a double weir as in the prototype; 
this was for ease of construction and also reduced the effects of 
surface tension when the head over the weir became very small. A 
similar inlet well and riser pipe arrangement was constructed in 
perspex and exact replicas of some of the inlet arrangements to be 
zsed in the large model were built. 
The tests were run at flow rates scaled down from the full scale 
on the 'equal velocity' principle,, however agreater range of flow 
rates was investigated to observe the effects of turbulent and laminar 
flow. 	Potassium Permanganate in a fairly concentrated solution was 
injected into the tank at different depths and radii, and a picture 
built of the whole flow pattern throughout the tank. Part of the 
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side wall v.,as made out of perspex so that these flow patterns could 
be more easily observed in the vertical plane. 
It was found that almost perfect uniformly distributed flow 
(plate 2) could be achieved from the inlet, although further away 
from the inlet zone, effects from circulations inhorizontal and 
vertical planes and very slight differences in outlet weir level 
caused a bias in flow path. 
Of the inlet arrangements tested, several arrangements of 
diffuser plates gave a good even flow pattern in the vertical plane, 
avoiding very strong surface or bottom flows. Other inlets produced 
unstable flow patterns resulting in a very, short retention time. All 
the inlets produced a return flow from the tank wall with different 
intensities and depths above the floor and it was found that some 
degree of circulation in the horizontal plane could not be avoided. 
These experiments provided a useful guide to the programme of 
tests planned for the large model, as some less conventional inlet 
arrangements could be tried out at this scale before being constructed 
for the large tank. 
Later it was decided to re-site this model at Seafield alongside 
the large tank and test it with sewage concurrently with the main. 
model. 	In this way some estimate of the scale effects between the 
two sizes of model when working with sewage could be made and possibly 
some prediction for the prototype. 
Work in the laboratory on the model was carried out by McArthur 
(1970 ) as an honours degree project. 
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TANK TESTS (1st Series) 
It was appreciated at the outset that a lot of time and patience 
would be required to cover all the inlet arrangements with an adequate 
number of tests in order to build up a knowledge of their over—all 
performance. 	It was therefore proposed to spend the first nine months 
to one year testing thoroughly a wide range of inlets over as long a 
period as possible with a view to narrowing it down to perhaps two or 
three different arrangements. These could then be compared more 
closely under more controlled conditions in a second series of tests, 
as techniques and equipment became more sophisticated. 
Test Procedure 
Before each test was started the inlet arrangement was set up and 
dimensions and level carefully checked; the inlet arrangement had to 
be securely anchored against the forces of the ir:flowing jets. The 
tank was filled with the plug holes in the effluent channel open to 
prevent floatation. These were later closed when steady flow 
conditions were reached. Having regulated the flow rate to the 
required value (this was usually the maximum possible without drowning 
the weir at the side diametrically opposite to the drop shaft), the 
tank was allowed to run for a period approximately equal to the 
detention time to allow steady conditions to be attained.. 	The tests 
were run for a period of about 1-1- - 2 hours with sampling from influent 
and effluent at 10 or 15 minute intervals. Initially samples were 
taken in 50 and 100 ml. volumes, but this was increased to 150 mis 
after a statistical analysis of sample size and later to 200 mis with 
50 mis being used to measure settleable solids concentration. 
At first it was found that a scum baffle made out of 1" deep 
U 
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strips of wood floating on the surface allowed some particles to pass 
underneath, and this was reconstructed from 3" deep boards. 
When the tank was run for periods longer than two hours there 
was evidence that scum build—up at this scum baffle, situated at about 
1' from the outlet weir, was affecting effluent and it is possible 
that sludge build—up on the floor was also having a detrimental effect. 
The flow rate used in these first tests was approximately the 
maximum designed flow to the. works of3x DOWOF, This could be maintained 
at a constant value throughout the whole test without fluctuations, 
unless rags of other impediments blocked the intake to the pump: this 
occurred on a few occasions and the test had to be abandoned. 
Sludge Patterns 
At the end of each test the tank was emptied gradually over a 
period of about half an hour, so that the pattern of sludge on the 
floor was not disturbed. Sketches and photographs were taken of the 
sludge pattern after each test, also measurements were made of depth 
and distance from the centre to the different types of sediment. 
This aided in the comparison between the different inlet arrangements, 
and also showed the distribution of flow over the whole tank area. 
Float Tests 
As far as possible these sludge patterns showed the result of a 
complex flow pattern over the whole period of the test; however, some 
further investigation was done with floats to trace individual flow 
paths through the tank. Floats were made out of 2" cubes of wood 
weighted with washers to float at different depths; a long thin rod 
was attached to the float to indicate its position on the surface., 
A float was carefully set in position at the inlet and its path 
11 
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followed through the tank. This was done for several depths, usually 
one near the floor, one near the surface and one at mid depth. In 
this way the distribution of flow over the depth and in plan could be 
observed; also some indication could be made of the circulations in 
the horizontal and vertical planes. The floats were generally 
unaffected by vertical flow paths except in the close proximity of the 
inlet where strong velocities caused the float to move either up or 
down. 	In some of the tests the float was timed between two points 
to obtain a velocity measure, but in general the floats were used 
more to show the direction of flow paths rather than a quantitative 
measurement of velocities within the tank. 
Settleable Solids 
As already mentioned above, 200 mi.. samples were taken from 
influent and effluent, with 50 mis then being used in the laboratory 
to give a measure of the settleable solids present. This was done by 
allowing 50 mis of the sewage to settle for two hours in a test tube. 
After this period the supernatant liquor was carefully decanted off, 
leaving the solids which had settled in that period. This was 
expressed in ppmby weight after vacuum filtration using glass fibre 
filter papers. This gave an added measure of the performance of 
each inlet arrangement; there is currently some controversy as to 
whether tank performance should be measured on suspended or settleable 
solids removal. However, this analysis has not been standardised to 
date; both the method of decanting and the length of time of settle-
ment are not universally accepted. 	Less reliance is put on these 
results and the main analysis is based on the susperded solids reductions. 
Change of Flow Rate 
Although the majority of tests were run under conditions 
representing the heaviest anticipated flow rates, some tests were 
carried out with each inlet arrangement at flow rates lower than the 
maximum. These tests were carried out with flow rates in the range 
0.25 - 1.0 cusec, representing approximately the full scale range 
1 - 3 x D.W.F. 	It was appreciated that in the full scale works the 
flow rate would be normally considerably less than 3 x D.W.F. for a 
majority of the time; however the standards laid down by the Lothians 
River Purification Board would apply at all times. 
These tests were carried out in the same way as beforewith 
similar sampling intervals and sample sizes. At the lowest flow 
rates difficulties were experienced at first in maintaining the flow 
rate constantas the effluent channel was not full enough to prevent 
floatation; small weirs had to be set up at the outfall end to keep 
the channel reasonably full and thus prevent this. 
It was hoped to discover some information on the tank performance 
at other flow regimes, i.e. Froucle Scale flow and also the effect of 
detention time on tank efficiency. 
Settling Columns 
It had been anticipated that there might be some difficulty 
interpreting and comparing the results from individual tank tests when 
working with such a variable material as sewage. It was expected to 
overcome this problem with the large number of tests carried out on 
each inlet arrangement. However, in order to make a more direct 
comparison between each inlet type in individual tank tests, where the 
sewage was not only varying in concentration, but also in settleability 
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two new quiescent settling columns were constructed. 	These were set 
up next to the constant head tank, where they could be easily filled 
with the same sewage as that entering the tank. These were filled 
usually one at the beginning and the other half-way through a tank 
test and allowed to settle for two hours, with regular sampling from 
the five tapping points. Generally the percentage reduction 
in the column (averaged over the whole depth), after this settling 
period, was compared to the average percentage reduction in the tank: 
i.e. a comparison of settlement under quiescent conditions with normal 
tank settling: this could be expressed in a tank-column ratio of 
average percentage reductions of suspended solids. Reductions in the 
column after a time equal to the nominal detention time in the tank 
were also compared. 
Multipoint Samples 
The sludge patterns and float tests were carried out to give some 
indication of the difference between the flow patterns, induced by each 
inlet arrangement, and thus give indications of possible reasons why 
one inlet arrangement should perform better than another. In order 
to gain some more information for this purpose, samples were taken 
from a number of points along a radius of the tank and at different 
depths using a 'multipoint sampler', This apparatus consisted of a 
vacuum chamber evacuated by a Geryk hand-operated vacuum pump. The 
chamber had ten suction points which were connected to conical vacuum 
flasks by rubber tubes. From these were connected plastic tubes 
which were arranged along a radius of the tank at equal intervals 
between inlet and outlet; these could be adjusted to different depths 
between the surface and the floor. During the course of a normal 
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test, samples were extracted, usually at three different times 1 in 
150 ml, quantities from each of the ten sampling points. 	Samples 
were taken from three different depths, 3" from the surface, 4" from 
the floor and at mid. depth. These were taken at 3" and 4" from the 
surface and floor to avoid scum and settled sludge being incorporated 
in the sample. 
In the majority of the tests the inlet arrangement and the flow 
rate were unaltered throughout the test. However, in some of the 
later tests these were changed during the test. The inlet arrange-
ment could be changed when the flow was stopped or during continuous 
flow, by a pulley system whereby the cylindrical inlet baffle could 
be raised and its height above the floor altered. This was done so 
that a more similar sewage could be used for each inlet arrangement. 
Also some experiments were carried out in which the flow rate was 
changed during the test; up to four different flow rates were tried 
during the one test. 
Finally, after each test the sludge on the floor had to be 
swept out in order, not to affect the next test. This proved a time—
consuming job due to the nature and volume of sludge deposited and 
also with the flat floor there was no help from a drainage slope to 
one particular point. 
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RESULTS OF TANK TESTS (1st Series) 
The results of this first series of tank tests are shown in 
Tables 2 - 6 and also in graphical form, figs. 11 - 17 (one point for 
each test). The figures for influent and effluent suspended solids 
concentrations are average figures taken over the whole test period. 
Some results had to be omitted due to conditions changing dramatically 
during tests, i.e. the nature of the sewage changing either due to a 
fault in the pumping station or an abnormal load arriving at the 
station (e.g. oil or brewery waste). 
Diffuser Plates 
From the results of tests with diffuser plates at inlet at the 
maximum flow rate, fig. 11, it can be seen that the arrangement of 
four plates with wider spacing towards the surface, gave a better over-
all average percentage removal of suspended solid$; this is shown in 
graphical form in fig. 18. At the lower flow rates this result was 
still observed but the difference was less significant. 
Not enough settleable solids analyses were done in this series of 
tests to obtain such a comprehensive overall result, fig. 14. Average 
percentage reductions of settleable solids are generally higher than 
the suspended solids reductions by about 10%. 
This arrangement of diffuser plates appeared to give the best 
distribution of flow over the whole depth of tank, eliminating both 
strong bottom and surface flows. 
ylindrica1 Baffles 
The results of tests using cylindrical baffles at inlet, figs. 
15 and 16, show that in both suspended and settleable solids per-
centage reductions the low baffle, only 3" from the floor (1/8th 
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depth), gave consistently better results than any other depth of baffle. 
This is also shown more clearly in fig. 17 where results are plotted 
against the corresponding settling column results. 
The difference between the two different diameters of baffle 
appears to be less significant as far as the results indicate - this 
is shown particularly in graphs plotted against column results. 
The third type of inlet, the plain inlet pipe with no inlet 
baffles or diffuser plates, gave poor percentage removals of suspended 
solids, fig. 11. 	This inlet arrangement produced strong surface 
currents which carried particles to the outlet; this was shown by 
float tests. Comparatively few tests were conducted with this 
arrangement. 
Typical graphs of influent and effluent suspended and settleable 
solids concentrations are shown in figs. 19 - 21. 	Fig 19 shows a 
test which was run for four and a half hours over the lunch—time peak 
period with four diffuser plates at inlet. 	It can be seen that there 
is a considerable "balancing effect" exerted on the influent by the 
tank; the fluctuations in influent are smoothed out and the effluent 
becomes 4uite consistent. There are some small peaks in the effluent 
which lag the influent peaks by a period considerably less than the 
theoretical detention time. 	The settleable solids graphs follow 
almost identically the shape but with values about 70% of the sus-
pended solids curves. 
Figs. 20 and 21 show typical tests comparing.different cylindrical 
baffles at inlet. From observations of such graphs it was found that 
the low cylindrical baffle gave a slightly better "balancing effect" 
oninfluent fluctuations and also a longer time lag between influent 
and effluent peaks for the same rate of flow. 
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Radial Distribution of Flow 
The most important result coming from the study of sludge patterns 
and float tests showed that uniform radial distribution of flow from 
the well and riser pipe was not achieved, fig. 22. There was a 
consistent bias in the line of the supply pipe beneath the tank floor, 
indicating that the well and riser were performing little better than 
a conventional 
9Q0 
 bend mentioned previously. The degree and 
intensity of this bias in radial flow varied with the inlet arrangement; 
this showed that the lattr had some small additional effect in 
evening out the flow distribution. 	With the cylindrical baffles at. 
inlet, especially the lowest one 3" from the floor, the bias was less 
noticeable than when diffuser plates were used at inlet. The four 
diffuser plate arrangement with wider spacing near the surface, gave 
less bias than the other plate arrangements and at low flow rates 
this bias was almost completely eliminated, but instead dead patches 
appeared further away from the inlet zone, figs. 23 and 24. 
It was deduced that the well beneath the inlet was too small to 
affect the transformation of uniform horizontal flow in the supply 
pipe to uniform vertical flow in the riser pipe. This bias in radial 
flow pattern had affected the effluent quality quite noticeably during 
testing. 	A large number of visible particles were arriving at the 
outlet weir in line with the supply pipe. 	This was obviously 
detrimental to tank efficiency, as a much smaller area of the tank was 
being utilised with a corresponding reduction in effective retention 
time. 
Sludge Patterns 
The sludge pattern produced by the four plate arrangement shown 
4 n fig. 26 and plate 5, was more evenly distributed than the other 
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plate (fig. 25) arrangements with minimal scouring and dead patches 
The coarse sludge tended to pile up round the inlet, tapering off to 
finer sludge further out. Fine sludge was deposited right out at 
the tank wall in nearly all the tests. At low flow rates the pattern 
of coarse sludge round the inlet was fairly even, but further out there 
were dead patches, fig. 24, indicating that even though the radial 
distribution of flow from the inlet was uniform, this became unstable 
and there were still preferred paths of flow further out. 
The cylindrical inlet baffles produced a completely different 
sludge pattern (figs. 27 and 28 and plate 6) with an area of negligible 
sludge immediately around the inlet where the low turbulent eddies 
prevented any settlement. 	Beyond this at 4' to 6' from the inlet, a 
deep bank of coarse sludge was formed which tapered off gradually to 
fine sludge at the tank wall. In general the fine sludge was slightly 
thicker than in the plate tests. With the low cylindrical baffle the 
bank of sludge was steeper and slightly further from inlet than other 
arrangements. The difference between the two diameters of inlet 
baffle was negligible; despite the fact that the 2 1 -9" diameter baffle 
covered 'a smaller area, the slight increase in turbulence which it 
produced must have led to a marginally greater area of scour and 
negligible sludge. 
Float Tests 
The float tests confirmed the existence of preferred paths of 
flow along the line of the supply pipe, fig. 22, and showed that there 
were dead patches at right angles to this line from the inlet. These 
tests also sho-:ed that there was always a tendency towards circular 
motion in both the horizontal and vertical planes and that pure radial 
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flow was never achieved; this had also been established, earlier with 
the small hydraulic model in the laboratory, figs. 29 and 30, 
Multipoint Sampler 
Some results from the tests using the 'maltipoint sampler' are 
shown in figs. 31 and 32. 	This form of sampling did not give very 
conclusive results and was not used very extensively. In these 
graphs flow paths were deduced from the distribution of suspended solids 
settling in the 'tank. 	Peaks in solids concentration are assumed to 
coincide with the flow path through that particular sampling point. 
In trying to assess the performance of the model tank in the 
light of the Lothians River Purification Board's stipulation of a 60% 
removal of suspended solids at the new treatment works, it can be 
seen that this standard is not achieved at this scale of testing. 
There maybe several reasons for this: the column tests showed that 
only approximately 45% maximum removal could be achieved in cpiescent 
settlement after two hours and not much more after six hours, with the 
sewage being used. The tests were carried out with only a part of 
Edinburgh's sewage which appears to contain a high proportion of 
unsettleable solids; further tests indicated that the settleabili'ty 
would be increased by the addition of sewage from the other main 
outfalls around. Edinburgh's coastline (Appendix 3). 
Table 2 	Per Cent Reduction of suspended solids in tests with 
Different Plate arrangements. 





at Inlet (ppm) 
Suspended Solid 
at Outlet (ppm) 
Av0 
Reduction INLET TYI 
N 0. / 0'I'' (Cusecs) Average 	S.D. Average 	S0D. 




1,00 274. 	4.1.0 134. 	39.6 33 
4. Feb 23 1.00 14.1 	25.7 95 	21.8 33 
5 Feb 25 0.97 295 	28.6 232 	10.5 21 
6 Mar 2 1.00 306 	31.0 210 	30,1 31 
7 Mar 10 1.00 189 	16,6 184. 	21,8 	1 3 
•8 Mar 16 1.00 203 	16.4 187 	9.0 8 
9 Mar 20 1,00 34.5 	24.1 258 	39.0 25 " 
37a Jul 14 0.91 289 	4.5.6 196 	21.3 32 
62 Sep 16 0.91 327 	4.1.6 232 	217 29 
28b Jun 23 0,97 361 	66.8 260 	20.4. 28 5 Plates 
34 Jul 7 0.95 339 	114.8 259 	2067 24 
30a Jun 30 0.97 293 	34.0 225 	16,9 23  
10 Mar 23 1,00 317 	62.3 251 	51,0 21 4. Plates 
wider 
11 Mar 25 0097 333 	53.5 218 	25.9 35 spacing 
near flo 
12 Mar 27 0.97 352 	44.9 238 	20.6 32 
13 Apr 2 1.00 4.33 	87.1 259 	4.8.4 40 
14 Apr 10 0.97 400 	44.4 257 	30.3 36 
15 Apr 13 0.97 306 	70.1 185 	4.8.9 40 
4.5 Aug 5 0.91 4.11 	4.2.6 268 	16.4 35 
4.6 
- 
Aug 12 0.94 
___ 
333 	37.5 252 	20.2 25 
(Continued) Per cent Reduction of Suspended Solids in tests with 
different plate arrangements. 
Plow rates = 0,9 - 1.0 cusec (3VNF). 
Test Date Plow Suspended Solids 
Suspended Solids % AV. 9;  
No (1970) 
Rate at Inlet (ppm) at Outlet Reduction 
Cusecs Average 	S.D. Average 	S.D. 
17 Apr20 1.00 224. 	49.1 85 	29.8 64. 4 Plates 
wider 
18 Apr 22 1,00 315 	7311 191 	35.7 39 spacing 
near 
19 Apr 27 1.00 4.60 	1003 269 	23.3 42 surface 
'29a Jun 29 0..97 289 	15" 9 189 	6.4. 35 
40 Jul 22 0.91 380 	27.8 227 	15.2 4.0 
35 Jul 8 0.91 381 	73.1 259 	30.2 32 3 Plates 
36a Jul 13 0.91 318 	37.0 238 	11.9 24 
42 Jul 27 0.91 301 	58.0 227 	14,7 24 
60 Sep 14 0,91 312 	43.5 212 	36.9 32 No Plates 
64 Pep 17 0.91 319 	47.7 263 	9.7 18 
67a Nov 10 0,97 273 	20.4 2314. 	 15.9 14 
68b Nov 12 0.97 270 	3.5.7 235 	30.6 13 
Table 	 Per Cent Reduction of Suspended 
different plate arrangements. 
Flow rate = 0.65 - 0.8 cusec 
solids in tests with 









at Inlet 	ppm 
Average S.D 
Suspended solids 





30b Jun 30 0.72 301 	28.2 252 	11.4 17 5 
Plates 
33 Jul 6 0.65 ii6 	116.3 238 	22.8 
13 
29b Jun 29 0.72 313 	29.6 225 	11.3 
28 Z. Plates 
wider 
31 Jul 1 0.67 361 	88.2 266 	30,5 26 
spacing 
near surface 
32 Ju1 2 0,67 331 	39.1 228 	2905 
__- 
31 
38 Jul 16 0.80 378 	70.5 252 	17.0 33 4 
Plates 
wider 
39 Jul 20 0.80 • 	4.95 	
116.5 330 	35.0 33 spacing 
near floor 
41 Jul 25 0.77 268 	4.2.4. 155 	13.4 4.2 3 
Plates 
4.3 Jul 25 0,80 4.00 	56.8 280 	
4.0.8 30 No Plates 
41. Aug 3 0.80 377 	15.7 26.4 32 
TABLE 4. 	PER CENT REDUCTION OF SUSPENDED SOLIDS IN TESTS WITH 
DIFFERENT PLATE JRRANEMENTS 
Flow rate = 0.22 - 0.54 ousecs (DcW.Fo approx). 
Test Date Flow SUSPENDED SOLIDS SUSPENDED SOLIDS Av. % INLET TYP 
No (1970) Rate AT INLET (p€.p.m.) AT OUTLET(pp.m.) Reduction 
(Cuseos) Average 	S. D. Average 	S. D. 
37b Jul 14 0.2. 364 	23.8 .186 	2.9 48 6 Plates 
27a Jun 22 0.52 385 	32.7 207 	- 	8.8 46 5 Plates 
28a Jun 23 0.51i. 325 55.8 237 19.7 27 
it 
300 Jun 30 0.4.8 392 	85.1 231 	3O. 4.1 ft 
20 May 4 0.27 4.38 	74.3 203 	244 54 4 Plates 
21 may 6 0.27 364 125.0 138 36.2 62 wider 
22 May 11 0.37 254 	27,0 163 	18,7 36 spacing 
23 May 13 0.4.9 325 70.8 14.8 41.9 57 near 
24 May 25 0.48 .4.24 	909 230 	26.1 46 surface 
27b Jun 22 0,52 362 14.9 24.3 10.9 33 ft . 
29° Jun 29 0.48 285 	27.7 211 	3,8 26 
II 
29d. " 0.22 303 29.1 211 8.9 30 
36b Jul 13 0.52 324 	66.7 213 	15.6 34 3 Plates 
25 Tun 15 0,51 369 	167.8 20 	35.7 29 No Plates 
26 'run 16 046 305 32.6 217 18.2 29 
TABLE 5 	 PER CENT REDUCTION OF SETTLEABLE SOLIDS IN TESTS WITH 
DIFFERENT PLATE ARRANGE:MENTS. 
No. of Date 	Plow 	SETTLEABLE SOLIDS SETTLEABLE SOLIDS Avo% INLET TYPE 
Test I (1970) 	Rate AT INLET (poponie) AT OUTLET(p.pom.) educ- 
(Cusecs) ;ion 
37a Jul 14. 0191 145 82 44 6 Plates 
37b 0.22 218 83 62 
62 Sept 16 0.91 194 125 33 " 
28a Jun 23 0,54 281 168 4.0 5 Plates 
28b It 0.97 296 195 y.  it 
30a Jun 30 0.97 222 129 4.2 
it 
30b 0,72 219 154 ,30  
is 
300 0.48 254. 169 34 it 
33 Jul 6 0,65 .258 160 38 
34 Jul 7 0.85 275 177 36 
38 Jul 16 0,85 289 161 44 4 Plates 
39 Jul 20 0.85 352 229 35 wider 
45 Aug 5 0.91 304 194 4.3 spacing 
4.6 Aug 12 0.94 250 188 25 
floor 
Jun 25 0.57 387 204. 4.7 4 Plates 
29a Jun 29 1 1 00 162 89 4.5 wider 
29b 0.72 189 83 56 spacing 
290 0.48 156 . 	 96 39 near 
29d 0.28 212 123 4.2 surface 
Jul 1 0.67 274 165 4.0 ti 
32 Jul 2 0.67 237 14.7 38 
35. ijul 8 
..: 
319 155 52 3 Plates 
36a Jul 13 0.91 219 161 27 
36b 0.52 196 140 29 
41 Jul 25 0.77 185 77 58 
42 - Jul 27 0.91 210 137 H 
43 Jul 29 0.85 275 200 30 No Plates 
44 Aug 3 0.85 267 139 47 
64. Sept 17 0.91 246 193 22 - 
67a ov 10 0.97 2014. 179 12 
68b ~ov 12 I 	0.97 163 130 20 
TABLE 6 	 RESULTS OF TESTS USING CYLINDRICAL INLET BAFFLES 
AT DIFFERENT HEIGHTS ABOVE THE FLOOR. 
4.' - 0" diameter inlet baffle 










(Cusees) M . Av. % Av. Av. % Start 1 hr % Floor 
inlet Outlet Red. Inlet Outlet Red Red. 
(Inches 
4.7 Aug 17 0.,88 276172 38 175 71 
60 183 14.3 24 16 
4.8 Aug 18 0.97 247 214 14 - - 318 214 33 - 
4.9 Aug 20 0. 91* 403 264 35 228 108 53 440 223 4.9 
7 
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200 153 24. 240 150 37 
tt 
57 Sept 8 0,91 286 236 28 24.0 
114.3 4.0 273 201 38 " 
21 DIAER FFLE 
65 Sept 22 0.91 
6. 
4.02 255 37 269 157 To 6 ..2i6 31,. 3 
68a Nov 12 0.97 265 197 26 169 131 
 217 17 
66 Sept 23 0.88 289 239 17 189 150 21 337 179 
4.7 18 
67b Nov 10 0097 256 210 18 195 153 








Fig. 11 S..imry o$ tank tests with different plate arrangements at inlet. 
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15. Surrnry of Tank tests with cylindrical baffles at inlet. - 	
4' dia. Inlet Baffle 	2' - 9" dia. inlet Baffle 
o Baffle 15"from floor 
A 	U 	 711 	It 	 II 
Q 311 	II 
	
13'' 	II 	 II 
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-• Fig 0  16 Suary of tank tests with cylindrical baffles (Settleable solids) 
Flow rate = 0°91 - 100 cusec (3 D .WF.) 	 0 
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g6i7Ccmprison of various cylindrical baffles by 	
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sludge pattern show 
non-uniform radial 
distribution of 
flow. Test run wit 
). plates, wider 
spacing near the 
floor. Max flow 
rate (3.D.w.F.) 
approx. 
Float 6" above 
floor (There is 
suction into the 
plates at this 
depth). 
194  Coarse sludge (up to 4." deep) 
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some large particles 
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Fig . 3? Distribution of suspended solids in the tank from the multipoint 
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SUIVIflARY OF RESULTS AND CONCLUSIONS 
From a series of tests with various arrangements of diffuser 
plates at inlet, which attempted to distribute the inflow over the 
whole depth of tank, it was found that four plates with wider spacing 
near the surface save the best percentage removal of suspended solids. 
A similar series of tests with various cylindrical baffles at 
inlet showed that consistently better percentage removals could be 
obtained with the baffle 3" from the floor. 
Both of these inlet arrangements gave approximately the same 
overall average percentage reduction of approximately 40%, however it 
is difficult to compare them directly as the two series of tests were 
carried out at different times of the year and under slightly different 
conditions. 	Column tests and settleable solids analyses were only 
carried out consistently during the tests with cylindrical baffles. 
Also these latter tests were run for a shorter time with sampling at 
smaller time intervals in order to reduce the chance of large fluctua-
tions occurring. 
Fluctuations in the influent both in concentration and settleability 
which occurred during the day and from day to day obviously made it 
difficult to compare the different inlet arrangenents. Results had 
to be based on a large number of tests before any consistent pattern 
could be observed. 	It was noticed over the period of testing that 
certain fluctuations in the influent were occurring at regular intervals 
and it was thought that the pumping from low level sumps or the flushing 
of the rotating drum screens could cause this. 
It appeared that some further tests were necessary in order to 
determine which of the two types of inlet arrangement would give the 
ITil 
best tank efficiency under as similar conditions as possible. In 
order to overcome the fluctuating nature of the sewage both inlet 
arrangements would have to be tested, one immediately after the other, 
during the same test. 	The tests should also be run for a shorter 
period than before,with more concentrated sampling times in order to 
reduce the chance of large fluctuations occurring and also to reduce 
the effects of sludge and scum build—up. 
The first series of tests showed that the inlet well and riser 
pipe were of inadequate dimensions to produce uniform radial distribu-
tion of flow from the in-let. As there was little knowledge of which 
dimensions or by how much the inlet well should be enlarged, except 
from results with the 6' laboratory model which had had an oversized 
well, it was decided, with the economics of full scale construction 
in mind, to alter the well and riser dimensions in stages. As 
increasing the size of the inlet well involved, major reconstruction in 
the concrete base, it was decided initially to alter the size and 
position of the riser pipe to see if this could improve radial 
distribution. 	Later the inlet well was reconstructed to new dimensions 
as shown in fig. 33 
Overflow weir level0 
(1) 





Overflow weir level 
lternative position of riser. 
(3) 
Fig. 33 Inlet well and riser alterations 
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TANK TESTS ( Final Series) 
1/30th Scale Iodel Tank 
During the reconstruction of the inlet well and riser pipe the 
tank was thoroughly cleaned out, the outlet weirs were cleaned and 
re—levelled and holes in the P.V.C. liner were patched up. 
The 6' diameter model tank was taken from the laboratory and set 
up next to the large tank with a connecting pipe and control valve to 
the same constant head supply tank, fig. 34. A small length of 
channel with a 'V' notch weir was set up to measure the flow rate 
through this tank and a scum baffle was constructed out of short 
lengths of wood joined to form a ring floating near the outlet weir. 
Inlet arrangements to scale with the two types proposed for the large 
tank were constructed and these could also be easily changed during a 
test. 	This model could now be tested with the same sewage at 
correspondingly scaled down flow rates using the 'equal velocity' 
scaling principle, and some check on the scale effects between the two 
sizes of model made. Plate 1 shows the small model in relation to 
the large tank and. settling columns. 
Test Procedure 
Having tested inlet well type 2 (fig. 33) in preliminary tests, 
without any improvement in radial distribution, inlet well type 3 was 
set up. 	Type 2 was tested separately to see if lengthening the riser - 
pipe could even out the bias in radial flow and also as it could not be 
used with the diffuser plate arrangement. 
A series of tests with 	inlet well arrangement was carried 
out with both types of inlet at the maximum flow rate. The cylindrical 
baffle was attached to a pulley suspended from the roof and could be 
ME 
easily raised and lowered. It was found that it was almost impossible 
to remove the plates during the test without emptying the tank, and 
it was decided. to leave them in during the baffle test as it was 
thought that they would have little effect on the turbulent flow 
pattern produced by the low baffle. This applied to both the large 
and small models. 
After setting up the inlet arrangement in both model tanks, the 
large tank was filled and allowed to run for a period approximately 
equal to the theoretical detention time. 	The flow to the small 
tank was not started until after the large tank had filled, as it 
took a much shorter time to fill and reach steady conditions. This 
was also to prevent the sludge and scum from building up in the small 
model before the test even started. 
The first settling column was then filled and its initial samples 
taken at the same time as sampling began from the two tanks. The 
test was run for half an hour with sampling from influent and large 
and small tank effluents at five minute intervals. 
The inlet arrangements were then changed ever in both tanks and 
a further period approximately equal to the detention time allowed for 
steady conditions to be reached.. During this period the small tank 
was emptied and the sludge and scum cleared, out; this was then 
re—filled in time for the second test. 	The second settling column 
was then filled and sampling again carried out in a similar manner as 
before. 	This procedure is shorn in figs. 35, 36 and 37 for a typical 
test. 
After four tests carried out in this way, using the inlet well 
type 3 at the maximum flow rate, it was found that there had been 
41 
little improvement to the radial flow distribution. There was still 
a bias in the line of the supply pipe with an excessive amount of small 
particles flowing under the scum baffle into the outflow channel. 
Inlet Well and Ris2L_EiLpe  
The inlet well and riser pipe were reconstructed as shown in 
inlet well type 4 9 fig. 33, with the overall volume of well increased 
and the diameter of the riser pipe reduced. It was considered that 
the riser pipe should extend down to a level slightly below the invert 
of the supply pipe in order to prevent any short circuiting in the 
well. 
A. further four similar tank tests were carried out with this 
inlet well arrangement and a much improved radial distribution of flow 
was observed; the flow of small particles under the scum baffle at the 
two sides of the tank in line with the supply pipe was no longer 
noticeable. 
No alteration had been made to the inlet well of the small model 
as this appeared to be functioning very efficiently; the sludge 
pattern was quite evenly distributed round the inlet. 
Flow Rate Reduced 
A third series of five tests was run with the flow rate reduced 
by approximately a half, corresponding to approximately 1- x D.W.F. 
in the full scale tanks: this reduced flow rate corresponded to the 
flow rate which was obtained using Froude scaling, These tests were 
also carried out in the same way as previously described. 
Column Tests 
The settling column tests accompanying the tank tests were 
continued on after the usual two—hour period and a further sample was 
EH 
taken after 24 hours. This was done in order to discover some 
information about the settling nature of some of the very slow—settling 
particles. 
Fig 
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RESULTS OF FINAL TANK TESTS 
The results of this second series of tests are shown in tables 
7 - 12 and also in graphical form, figs. 38 - 40. Tables 7, 8 and 9 
show average concentrations of suspended and settleable solids at 
inlet and outlet in tests with both model tanks. Tables 10, 11 and 
12 show these results as percentage reductions; the figures for the 
corresponding quiescent column tests are also shown. 
The figures for influent and effluent suspended and settleable 
solids are average figures taken over the whole test period.. 	In some 
cases account has been taken of the time lag between influent and 
effluent where there is a peak or a trough in the influent graph at 
the beginning or end of a test. In these cases the percentage 
reduction has been calculated on that part of the influent which had 
affected the effluent measured.. This applied only to the large tank 
where the retention time was of the order of ten minutes. 
parison of Plates and Baffle 
Figs. 38, 39 and 40 show that the cylindrical baffle gave a better 
percentage reduction of suspended solids in almost all tests; at the 
lower flow rate the difference is less noticeable. These graphs also 
indicate that, as the suspended solids concentration in the influent 
increases, the baffle gives an increasingly better removal than the 
plates. When the influent was fairly weak (i.e. approximately 300 ppm 
or less), there appeared to be very little difference between the two 
types of inlet: this occurs mainly in wet weather when other factors 
may affect the settleability of the sewage (i.e. ionic strength, age 
of sewage, temperature, etc.) 
Consistency of the Se -,.,,,are  
The consistency of the sewage was improved by holding off the 
low level pumps in the pumping station during testing, although some 
fluctuations still did occur due to abnormal loads arriving at the 
station. The percentage reduction of suspended solids was generally 
lower than the previous series of tests, even though inlet conditions 
in the tank had been improved. It was found that the overall 
average percentage reduction of suspended solids in the columns after 
15 minutes settling was considerably lower than in the earlier tests. 
This meant that even though the percentage reduction after two hours 
settling was similar, there had been a smaller amount of particles of 
the type which would settle within 15 minutes in the column. This 
would affect the settlement in the tank because the average retention 
time at the maximum rate of flow was between 10 and 15 minutes. 
It was unfortunate that the series of tests at the reduced flow 
rate coincided with a long period of dry weather, which improved the 
settleability of the sewage, as was shown in the settling column 
results, fig. 40. 
At the high flow rate the effluent concentration was rarely below 
200 ppm and even at the low flow in dry weather, the effluent was not 
less than 180 ppm. 	In the corresponding columns after two hours 
settlement the concentration rarely came down to more than 10% lower 
than these figures. 	These results, and also results of previous 
column tests, indicate that there was a large proportion of the 
suspended solids which would not settle in two hours and even after 
five or six hours would not settle appreciably. The results from the 
settling column samples taken after 24 hours settlement show that a 
45 
large amount of these 'unsettleable' solids will settle out eventually, 
figs. 43 and 44. The concentration of the sewage remaining in the 
column after 24 hours was about 100 ppm and down to 70 ppm during the 
dry weather period. There was therefore a 70 - 80% removal of 
suspended solids in this time, with almost half this settlement 
occurring between two and 24 hours after the start. It also was 
found that after 24 hours in the column, small flocs of tiny particles 
were clinging to the walls in long chains; -this had also been found 
during some of the settleable solids analysis after settlement in 
test tubes for two hours. When the column was slightly agitated 
these flocs settled quite rapidly; however this did not appear to 
affect the samples taken from the tapping points as they did not 
contain any of these groups of particles. After a certain time in 
the column these tiny particles, instead, of settling to the bottom, 
are held in chains which grow and either cling to the walls or are 
suspended in the water, When they reach a certain size or weight 
they fall quite rapidly, the ones clinging to the wall may need some 
agitation before they will break away and settle. This may provide 
the explanation for the typical shape of the settling curves in the 
columns, fig. 37, where the concentration does not appear to vary 
appreciably with depth during settlement, 
Small Model 
The small model tank gave percentage rediict ions. about two-thirds 
of those obtained in the large tank on average but as the influent 
concentration increased the difference between the two models increased.. 
With weak.sewage the small model gave almost as good as settlement as 
the large tank,'From figs. 38, 39 and 40 it appears that the percent-
age reduction obtained in the small model is almost independent of 
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influent concentration. This is different from the large model which 
gives a higher removal with increased influent concentration: it would 
be expected that the full scale tanks would continue in this trend 
(i.e. the graph of effluent ,v,influent would be even flatter). 
The small model also confirms the result that the cylindrical 
baffle gives a better sedimentation efficiency than the plate arrange-
ment; the difference is smaller at this scale. However, it is 
consistent but is less significant on statistical analysis (Appendix 
2), At the reduced flow rate this tank gave approximately the same 
average percentage reduction as the large tank had done at the 
maximum flow rate. This would approximate to the Froude scaling and 
it is possible that this might be more representative in terms of 
sedimentation at this scale of model. 	The equal velocity' scaling 
principle does not appear to give satisfactorily similar sedimentation 
results in both the models, but the agreement obtained with the Froude 
scaling may be coincidental, 
CoiTrparison 	Column Results 
The comparison between the two types of inlet arrangement in both 
models is summarized, in fig. 42. 	This is done by plotting results of 
tank and corresponding column tests. It is seen from these graphs 
that when the flow rate is reduced from 3 x D.W.F. to 1-- x D.W.F. the 
performance of the plate arrangement relative to the column result 
improves. considerably (i.e. by 25%), while the' baffle arrangement 
hardly improves at all; this occurs in both scales of model. 
At the maximum rate of flow in the large tank with the plate 
arrangement, the percentage removal of suspended solids was very close 
to that obtained in quiescent columns at a time equal to the nominal 
[I 
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detention time of the tank. With the cylindrical baffle this is true 
at the low flow rate, but at the maximum flow rate the tank results 
are approximately 501-14a better than those in the column. 
The exact reason for this result cannot be fully assessed as yet, 
mainly because the number and type of tests was restricted, although 
statistical analysis shows that the difference between the two 
arrangements at the maximum flow rate is highly significant (Appendix 
2). 	The explanation is believed to come from one or more of the 
following factors. 
Controlled turbulence (i.e. not extending further out than 
an inlet zone) and air entrainment inducing mixing and improved 
conditions for flocculation as the velocities decrease towards 
outlet, 
Better radial distribution of flow and thus a longer effective 
retention time and 'balancing effect', 
The low level of entry to the tank. 
As the difference is more marked at the maximum rate of flow, it 
is likely that the first two are of more importance than the third, 
TLBLE 7 	Results of final comparative tests of two inlets 
(4. plates or 0'y1indrical baffle 3" from floor) in 
1/6th and 1/30th Scale models. 
Inlet well type (3) (Fig 33) 
Pluw rate = 0.91 - 0.94 cusec (3 D,W.F.) 
Suspended  sods(ppm) Settleable solids(ppm) Columns (ppm)
Test LET TYPE 
Large Small Large Small No 
I Inlet 	tank tank Inlet tank tank start 	2 hi-s 24 hr 
outlet outlet outlet eutlet 
a 369 292 309 229 173 195 266 	188 	116 Plates 
b 394. 274. 324. 260 192 219 34.0 	214 	125 Baffle 
a 24.7 195 209 169 130 14.7 268 	200 	139 Baffle 
Cl. 
b 24.5 - 205 239 160 150 160 - 	 - 	 97 Plates 
a 301 238 252 181 115 139 319 	185 	14.0 Plates 
82 
b 34.8 233 286 223 109 161 361 	194. 	100 Baffle 
a 353 222 24.3 205 125 171 4.21 	262 	100 Baffle 
83 
b 333 255 271 191 144 191 4.00 	234 	120 Plates 
Table 8 	Results of Final comparative tests of two inlets 
(4 plates or Cylindrical baffle 3" from floor) in 
1/6th and 1/30th Scale models. 
Inlet well type (14) (Fig.33 ) 
Flow rate = 0.91 - 0.914. cusec  (3 D.W.F.) 
- 
Suspended Solids(ppm) Settleable solids(ppm) 	Columns (ppm) INLET 
Test 	- TYPE 
No. Large 	§mall--F S   Large Small 
Inlet 	tank tank Inlet tank tank start 	2 hrs 24 hrs 
cutlet 	outlet outlet outlet 
a 272 223 229 195 145 131 286 	188 	99 Plates 
84. 
b 355 24.5 314. 289 158 230 315 	226 	126 Baffle 
a 313 250 257 230 170 167 f 339 	193 	96 Baffle 
85 
b 315 263 231 253 167 192 288 	182 	80 Plates 
a 324 253 260 232 177 18 4.09 	225 	108 Plates 
66 
b 239 282 216 184. 202 &.08 	24.5 	94 Baffle 
a 363 24.6 274 274 134. 191 4.39 	192 	100 Plates 
87 
b 4.88 275 366 4.16 204. 276 84.1 	250 	91 Baffle 
a 277 229 24.1 169 133 	14.6 327 	- 	 124 Plates 
93 
b 290 220 24.6 197 102 	151 349 	186 	- Baffle 
ri 
Table 9 	Results of final comparative tests of two inlets 
(If plates c3X' Cylindrical baffle 3" frm floor) in 
1/6th and 1/30th Scale models. 
Inlet well type (4) (fig 33) 
Plow rate = 0.48 - 0.52 cusec (i D.W.F. 
SuspenLled. Solids(ppm) Settleable Solids(ppm) 	Columns(ppm) I INLET TYPE 
Test  
Large Small I Large Small Ne 
Inlet tank tank inlet tank tank start '2 hi's 24 irs 
outlet outlet  outlet outlet 
a 300 198 211 212 99 	J 116 322 	211 	77 Plates 
88 
b 358 239 234. 	. 224. 118 14.0 454 	24.0 	72 Baffle 
a 386 192 24.9 266 101 . 14.6 316 14.8 	65 Baffle 
89 
b 387 214. 261 267 106 134 4.53 181 	80 Plates 
. 	 1 329 183 229 320 111 14.1 316 133 	97 Plates 
90 
b 09 200 278 252 109 166 4.79 174 	97 Baffle 
a 397 190 258 247 74 ' 	 138 4.14 164. 	92 Baffle 
91 
b 466 237 332 311 106 175 533 195 	70 Plates 
a 410 235 312 322 112 189 483 216 Plates 
92 b 422 226 304 295 95 173 525 221 	- Baffle 
o 4.36 262 - 325 107 - - - 	 - Plates 
U 
Table 10 Per cent reduction of suspended. and 
Settleable solids in final comparative 
tests of two inlets 	plates or 
cylindrical baffle 3" from floor) in 
1/6th and 1/30th Scale models., 
Inlet well type (3) (Fig- 33) 
Flow rate = 0.91 - 0.94 cusec (large tank) 
O,O43 cusec (small tank) 
Suspended. solids Settleable solids Column 
5 reduction Ay., A reduction Av. % reduction 
 Inlet Type 
Large Small Large Small 15 	39 	120 	24. 
tank tank tank tank tias mins mins hrs. 
21 20 2i-- 18 6 	19 	29 	56 Plates 
31 22 26 16 9 	20 	37 	63 Baffle 
21 15 23 13 4 	19 	25 	4-9 Baffle 
16 3 6 0 - 	 - 	 - Plates 
21 16 36 24. 18 	24 	4-2 	56 Plates 
33 24 51 36 19 	27 	4.6 	72 Baffle 
28 39 17 20 	29 	38 	76 Baffle 
L
37 
23 19 25 0 - 	 13 	4-3 	70 Plates 
Table 1 	Per cent reduction of suspended 1 and settleable 
solids in final comparative tests of two 
inlets 
(4 plates or Cylindrical baffle 3" from floor) 
in 1/6th and 1/30th Scale Models. 
Inlet well type (ii.) (Fig. 3 3 ) 
Plow rate = 091 - 0.94. cusec (large tank) 
0-043 ousec 	(sinai]. tank) 
Suspended solids 
Ay. % reduction 
Settleable solids 	Columns 
Ày0 % reduction Ay. % Reduction 
Inlet Type 
Large Small Large Small 15 	30 	120 	24. 
tank tank tank tank mins mins mins hrs 
18 16 26 31 14. 	24- 	.4 	65 Plates 
37 18 
- 
4.5 23 9 	15 	26 	60 Baffle 




12 	29 	4.3 	72 Baffle 
17 11 34. 24 4 	13 	38 	72 Plates 
22 20 24 19 25 	33 	4.5 	74 Plates 
- - 15 7 16 	23 	40 	77 Baffle 
32 25 51 30 19 	0 	56 	77 Plates 
44 25 51 34. - 	- 70 	89 Baffle 
17 11 21 14 15 	26 	- 	62 Plates 
24 15 4.8 23 19 	26 	47 	- Baffle 
TABLE 12 	PER CENT REDUCTION OF SUSPENDED AND SETTLBLE 
SOLIDS IN FINAL COMPARATIVE TESTS OF TWO INLETS 
(. PLATES OR CYLINDRICAL BAFFLE 3t1  FROM FLOOR) 
IN 1/6TH AND 1/30TH SCALE MODELS 
Inlet well type () (Pig 33) 
Plow rate = 0114.8 - 052 cusec (large tank) 
0.0215 cueo 	(small tank) 
SUSPENDED SOLIDS SETTLEABLE SOLIDS COLUMNS 
Ay. % REDUCTION AV, % REDUCTION AV. 	REDUCTION 
INLET TYPE 
Large Small Large Small 15 	30 	120 	24 
tank tank tank tank mins mins inins hrs 
33 32 53 4.1 7 	26 	35 	76 Plates 
35 28 4.7 36 17 	28 	47 	84. Baffle 
50 35 62 4.5 32 	37 	53 	79 Baffle 
4.5 33 60 50 42 	47 	60 	82 Plates 
44 3. 65 58 35 	4.1 	58 	69 Plates 
53 314. 57 35 48 	54 	64 	79 Baffle 
52 35 70 4.5 38 	4.6 	60 	78 Baffle 
4.9 29 66 44 35 	50 	63 	87 ' Plates 
43 27 65 4.1 35 	4.7 	55 	- Plates 
47 28 68 4.1 32 	4.6 	58 	- Baffle 
40 - 68 - - - - Plates 
Ig38timmar7 of tests Nos. 80 - 83, comparing 1 diffuserplates with 
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Fig-39 Summary of tests Nos. 84-87, 93 comparing b diffuser plates with 
Cylindrical baffle 3" from floor. Inlet well type b (Fig 33) now rate = 0-91-0- 94 Cusec 
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Fig. 1.1 Summary of test Nos, 80'93 comparing i. diffuser plates with cylindrical baffle 
3" from floor in the large model. (Settleable solids). 
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SUMMA.RY AND DISCUSSION OF RESULTS 
Initial tests showed that two basic types of flow pattern could. 
be produced by two different inlet arrangements. These two gave 
better sedimentation efficiencies than any other inlets. The first 
type produced by the four diffuser plate arrangement gave a uniform 
distribution of inflow over the whole depth of tank, and ensured a 
smooth flow pattern between inlet and outlet with a minimum of 
turbulence. 	The second type, inietting at floor level, created. a 
turbulent zone round the inlet and a more quiescent settling zone 
towards the outlet. 	Tables 13 and 14 summarize the direct comparison 
between these two inlet types and show that the second type of flow 
pattern gave a consistently better solids removal even though 
hydraulically a less desirable flow regime was being induced. 
Earlier experiments had shown that increases in the sedimentation 
of sewage particles could be achieved, by mechanical agitation inducing 
flocculation effects. 	It is probable that with the controlled amount 
of turbulence produced by the low inlet baffle, there is a higher 
chance that larger particles can impinge on smaller ones and form 
flocs which settle in the more quiescent outer zone of the tank. 
This turbulence was accompanied by a considerable amount of aeration 
induced within the cylindrical baffle, and took the form of a large 
floe of air bubbles floating round the inlet, which appeared to carry 
a large number of particles. The difference between the surface 
scum patterns is shown in plates 3 and 4. These air bubbles floating 
up to the surface from floor level may also have aided. flocculation. 
It was seen from earlier results that reducing the flow rate 
improved the performance of the diffuser plate inlet with no corres-
ponding improvement to the baffle performance. It may be possible 
49 
to attribute this to the theory that at the low flow rate, with very 
much less turbulence and aeration being produced, there is less effect 
from flocculation and the baffle performs in almost the same way as 
the plates. 	Fig. 45 shows the increase in percentage reduction as 
the flow rate is reduced in tests using the four plate arrangement; 
the graph also shows an increase in percentage reduction as the flow 
rate increases above approximately 0.76 cusec. This point coincides 
with the Reynolds' number transition region and indicates that there 
may be some flocculation effect with increased turbulence even with 
the diffuser plate arrangement. 	It is interesting to note that this 
change in gradient follows a similar pattern to the friction coefficient - 
Reynolds' number graph in pipe flow. It is probable there is an 
increased effect from flocculation in the more turbulent region 
immediately after transition which may decrease again as the turbulence 
becomes excessive. 
Another possible reason for the low baffle giving a better per-
centage reduction of suspended solids might be attributed to the fact 
that a better 'balancing effect' and longer time lag between influent 
and effluent peaks was being achieved with this inlet. This would 
mean that the low baffle inlet was inducing a slightly longer effective 
retention time in the tank. 	In order to investigate this, further 
tank tests were run at the maximum flow rate and flow through tests 
were carried out using lithium chloride as a tracer. This was injected 
into the inlet and samples taken from the outlet at regular intervals; 
these were analysed by flame photometer. The results are shown in 
fig. 46. It can be seen (fig. 46) when comparing the peak concentra-
tions that the baffle inlet might give a slightly longer retention 
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when looking at each half of the tank, but when these are averaged, 
it is difficult to say whether the difference is siificant. However, 
this may be attributed to a better radial distribution being produced. 
It is interesting to observe the 'second peak' or plateau after the 
main peak, in the plate test. 	This may be due to some recirculation 
effect from the tank wail induced by this inlet arrangement, as was 
shown in the earlier tracer tests with the hydraulic model in the 
laboratory (McArthur 1970). 
Therefore it seems, in looking for a reason for the result that 
the low inlet baffle gives a better sedimentation efficiency than the 
diffuser plate arrangement, that this might be attributed to some 
extra degree of flocculation being produced. 	It is also possible 
that there is some slight increase in effective retention time with 
this arrangement. 
The importance of uniform radial distribution of flow and 
efficient use of the whole tank area was stressed by Hubbell. This 
was confirmed in earlier tests when an inadequate well and riser pipe 
was used and a bias in horizontal flow pattern was observed. Small 
particles were appearing under the scum baffle in large numbers in 
line with the supply pipe and sludge patterns and float tests showed 
preferred paths of flow and large dead parts of-the tank. An 
attempt was made to rectify this by enlarging the effective volume of 
the inlet well, which proved fairly successful and these visible 
indications of bias were almost eliminated. 	The percentage reductions 
of suspended solids results however, do not show a correspondingly 
large enough increase with either inlet arrangement; this appears to 
be inconsistent with the visible signs of a poor effluent being 
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obtained with the original well. 	It is possible, with all the 
percentage reductions of suspended solids being very low in these 
three series of tests and the fact that the sewage was less settleable 
than in the earlier tests (as indicated by the 15 minute percentage 
reduction in the quiescent columns), that the effect of better radial 
distribution is masked. Table 13 shows the comparative results between 
the two different inlet wells. Tank/column ratios are shown after 
different periods of time; the percentage reduction in the column 
after the nominal detention time of the tank is calculated by 
interpolation between the 15 and 30 minute results on the logarithmic 
graph. The equivalent column time is also calculated from the graphs 
of individual tests, fig. 35. 
The detention time was varied between approximately 20 minutes and 
100 minutes by altering the flow rate to the tank. It is difficult 
to determine what effect this had on tank efficiency as an increase 
in detention time was also accompanied by a change in flow regime; 
i.e. a reduction in turbulent conditions. 	It would have been inter- 
esting to have varied the detention time by increasing the depth of 
the tank, however this was impossible within the scope of this 
invest igat ion. 
The main programme of tests comparing the different inlet 
arrangements was based on the worst anticipated flow conditions 
occurring, i.e. 3 x D.W.F. 	The results indicate that at low flows 
and also with weak sewage the inlet arrangement has less effect on 
tank efficiency. 	It might be argued from this that as 3 x D.W.F. 
may occur very rarely and that average conditions might be more like 
1 - 1- x D,W O F., why bother about inlet design? However, it was 
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clear from the tests run at low flow rates, that although a fairly 
high percentage reduction was being attained with both types of inlet, 
there was inefficient use of the tank area, fig. 24. A general 
recommendation from this might be to reduce the size of tanks and 
bring average flow conditions higher into the turbulent range where 
inlet arrangement has a greater effect 
Doubts about the validity of using small models in this type of 
research seem to be confirmed. The 6 1 diameter model gave percentage 
removals which were approximately Nio of these obtained in the 30' 
diameter tank. Fluctuations in effluent quality were very large 
(i.e. the tank had a poor 'balancing effect') and severe problems were 
encountered with sludge and scum build—up. Although no further work 
was done on this aspect, i.e. with a third model scale, it is possible 
that the scale effects involved in model work with sewage sedimentation, 
will increase more rapidly as the model scale approaches the size of 
the 1/30th scale model. 	This scale effect would appear to depend 
largely on particle size which remains constant whatever scale is used, 
and the flow rate. 	In trying to reproduce turbulent conditions at 
inlet in the small model, i.e. by using the 'equal velocity' scaling, 
this turbulence could not be confined to an inlet zone and affected 
the whole tank. 	Similar sedimentation efficiency to that in the large 
model could not be obtained unless completely laminar flow conditions 
were used, which is not representative of prototype flow conditions. 
By using a large model (1/6th scale) conditions much more 
representative of full scale conditions could be reproduced. 
Possibly the best way of relating model and prototype performance 
is to compare results from cuiescent column tests at times equal to 
53 
the nominal detention times of the tanks. From the results of the 
large tank tests at the different flow rates, table 13, it is concluded 
that the full scale tanks will give results approximately in agreement 
with column tests when the flow rate is in the region of 1 - 1-i- D.W.F. 
At 3 x D.W.F. if the cylindrical baffle arrangement is used, the tank 
could give results up to 50% greater than the corresponding column 
result. 
A method of assuming tank/column ratios and assessing the tank 
performance from quiescent column results could be used in the 
prediction of the efficiency of full scale sedimentation tanks. 
A similar method could also be adopted as a yardstick for assessing 
the required efficiency of such tanks when the influent is variable. 
In a field of research such as this, it was difficult to remain 
rigidly to the same path of study when so many other possible aspects 
were constantly being uncovorcd. Some fOod for thought and possible 
further research might be inspired by the following:- 
(a) It was found that the 'age' of the sewage arriving at the 
tank had a considerable effect on its settleability. In dry 
weather when some of the sewage might be retained in the sewers 
for up to six or seven hours, higher solids removals were achieved 
both in column and tank settling for similar influent concentra-
tions. 	This may be due to three possible effects: 
(i) Different types of solid matter than in wet weather; 
Different ionic strength of the sewage; 
Sewage rendered more settleable after a certain amount 
of anaerobic action in the sewers, 
(b) Salt water (electrolyte) in various quantities, was added to 
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settling sewage in the columns. This was found to cause a slight 
improvement in settlement, however, not enough work was done on 
this. Some research has been carried out using sewage and sea-
water, and using a process of electrolysis to convert the salts 
present in sea water into disinfecting and flocculating substances 
to aid purification of the sewage (iiarson 1967). 
(c) When testing with the diffuser plates at low flow rates, it 
was found that there was considerable settlement of sludge on 
these plates, large solids being deposited on the lower plates and 
finer solids higher up. 	There has been some research in the past 
on high rate settling using trays, mostly for water treatment; 
this led to the development of inclined tube settlers. 	It secms 
that the settling potential of the tank could be improvd by the 
addition of false floors at different depths in the tank (Walton 
and Turner 1970), 
11 
TABLE 13 	COMPARISON OF LARGE TANK RESULTS WITH CORRESPONDING 
QUIESCENT COLUNN RESULTS. 
MAX. FLOW RATE (3 0.11.F.) -1 MAX. FLOW RATE 
(1* D.W.F.) 
Test NOS. 80-63 Test Nos 81487, 93 Test Nos 88-92 
Inlet Well Type(3) Inlet Well Type (14) Inlet Well Type (14) 
Plates Baffle P.ates Baffle Plates Baffle 
Air, 	reduction of 
suspended solicls(S.S.) 20 31 21 31 142 48 
Air. 	reduction of S.S. 
in col-urin after nominal 18 20 23 20 146 147 
tank detention time 
1.11 1,55 0.91 1.55 0.91 1.02 Tank/Column Ratio 
Ay, % reduction of S,S. 











0.86 Tank/Column Ratio 
Equivalent Column 
time (minutes) 26 78 21 140 35 53 
Ay. % reduction of 
settleable solids 23 35 33 143 63 61 
Tank/Column ratio = Ay, % reduction of S.S. in Tank 
Air. reduction of S.S. in corresponding column, 
Equivalent Column time = the time rqquired in the quiescent coluxrn-i to 
produce the same air. .% reduction in S.S. as that 
obtained in the tank 
TABLE lii. 	COMPARISM OF SNAIL TINK RESULTS WITH CORRESPONDING 
QUIESCENT COLUMN RESULTS, 
MAX. FLOW RATE (3 D.W0F.) 	 MAX. FEThJ IUTE 
(1 D 0W.F.) 
Test Nos 80-83 F Test Nos 84-87,93 Test Nos 88.-92 
Plates I Baffle I Plates l Baffle I Plates IBaffle 
Ay. % reduction of 
suspended solids (s.$) 15 22 17 19 31 32 
Ay, % reduction of 5.5. 
in column after 




1010 Tank/Column ratio 
Ay. % reduction of S.S. 











0.57 Tank/Column Ratio 
Equivalent Coluiin time 16 25 12 12 
(Minutes) 
Ay. % reduction of 
settleable solids 11 21 25 27 17 11 
Tank/Column ratio 	Ay. % reduction of S.S. in tank .v, reduction of S.S. in corresponding column 
Equivalent coluim time = the time required in the quiescent column to 
produce the same av, reduction in 5,S as 








Fig 	Effect of flow rate on % reduction of suspended solids in tank tests 
using diffuse' plates 
% Reduction of Suspended Solids 
Fig. 46 Comparison of the two inlet arrangements by flow through test with Lithium Chloride 
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APPENDIX 1 	 i 
Calculation of Model Flow Ha-be 
The maximum flow to be dealt with by the proposed new treatment 
works at Seafield. is 6 x ultimate calculated dry weather flow = 
354 m.g.d. = 656 cusecs. 	The minimum flow is estimated to be 1 x the 
existing measured dry weather flow = 53.30 m.g.d. = 98.51 cusecs. 
As any flow over 3 x D.W.F. is to be diverted to storm tanks, the 
maximum flow rate to the sedimentation tanks = 177 m.g.d. = 328 cusecs. 
With 8 sedimentation tanks 180' diameter and 12' deep (flat 
bottomed) and a maximum flow to each tank of 41 cusecs, the detention 
time will be six hours at ultimate D.W.F. using the 'equal velocity' 
scaling for the maximum flow rate and a scale factor of 1/6th between 
model and full scale. 
Qmodel 	1 
Q prototype = 6 
- .. Q model = 1,14 cusec, 
This flow rate represents 3 x D.W.F. in the model tank at this 
scaling. The nominal detention time in the model at this rate of flow 
is 20 minutes, 
In order to provide a maximum flow rate to the tank of 2.0 cusecs 
against a total head of 35', a submersible Flygt pump CS.3 151 was 
purchased. This fed a constant head tank with a total capacity of 
20 cubic feet and an overflow weir 3' long; this had a sloping floor 
(150) to prevent settlement from occurring. 
Calculation of Size of SupPie 
Maximum flow rate = 2,0 cusecs. 
Velocity not to exceed 5.0' per sec. to avoid input losses at 
the inlet well. 
A = 
	.' 	
2 . R = 	.. B = 8.6" 
U 
i:i. 
Plinirnum flow rate = 0.5 cusec. 




•0 D = 9.6" 
In order to satisfy both these conditions a 911  diameter pipe was 
adopted. 
The size of the inlet well and riser pipe used initially was 
calculated from Hubbell (1938.) 
Calculation and. Calibration of Flow Measurement Channel 
From B.S. 3680 L > lOB 	Where L = Length of channel 
h/B K 0.2 	B = Breadth of channel 
h/F < 0.4 	h = head over weir 
P = height from channel floor 
to apex of weir. 
Using the tables in B.S. 3680 fora 90 0 'V' notch weir, it was 
found that in order to comply with the above conditions the channel 
would have to be 50' long. This was impractical and a channel 30' 
long x 3' wide was adopted. 
This was. calibrated by measuring the time taken to fill the top 
2" of the tank. 	Results using this method agreed with the values 





An analysis of variance was carried out on the results shown in 
table 2; differences in inlet type (number of plates) were compared. 
and were found to be highly significant (1% level). 
No. ofPlates 	6 	5 	4a 	4b 	3 	0 
Mean percenta 	23.9 	25.0 	44.0 	33.0 	26.7 	19.3 reduction 
Standard 	 11.2 	2.6 	11,5 	6.8 	4.6 	8.8 Deviation 
Student t—tests were then used to compare pairs of inlet types 
and 4a was found to be significantly better than all the others. 
When a similar analysis was carried out on the results in table 6 
(cylindrical baffles) no significance was shown due to lack of results 
	
for the 16" and 7" baffles, 	However, when the student t—test was 
applied to the 3" and 18" baffles, the 3" baffle was found to be 
significantly better 0% level). 
Student t—tests were used to test differences between pairs of 
plates and baffle results shown in tables 10, 11 and 12, and showed 
that the baffle was significantly better in all the large tank tests. 
The difference generally was not significant in the small tank and. 
settleable solids results as shown in the table. 
Si gnificance levels of differences between plates and baffle 
results. 
Settleable Solids ge Tank Lar , Small Tank 7Large  
Table 10 20% 5% 5% 
Table 11 5% 10% N.S. 
Table 12 20/f. N.S. N.S. 
APPENDIX 3 	 iv 
Estimated st r ngo of Sewage Arriving atN ew Works 
The City of Edinburgh discharges raw sewage from nine outfalls 
around its coastal boundary. Ho':ever, for practical purposes the 
model tank was situated at one of these, namely the Seafield outfall 
which discharges approximately 20% of Edinburgh's sewage. From the 
City Engineer's report (1967) it is clear that there is considerable 
variation in the concentration and nature of the sewage at these 
different outfalls. 	Some work was carried out to determine whether 
the total concentration and settleability of the combined sewage would 
be higher than that used in the model work. 
From the above report it was deduced that three main outfalls 
accounted for about 87% of the total dry weather flow. 	Samples were 
taken from each of these outfalls at time intervals intended to 
represent the different times of arrival at the works. 	These were 
mixed in proportion to the rate of flow in each outfall at the time of 
sampling and allowed to settle in quiescent columns. 
A summary of the results is shown in table 15 and a typical pair 
of column tests are shown in fig. 47. 	This shows an approximately 
linear relationship between average concentration of suspended solids 
in the column and the logarithm of time. 
The overall average initial concentration of the combined sample 
was about 500 ppm which is considerably higher than the overall average 
in the tank tests at Seafield. (335 ppm). The average percentage 
reduction after two hours is approximately 50%. However, considering 
the strong influence of influent concentration on percentage reduction 
of suspended solids, this result is expected from the extension of the 
relationship between influent and final concentrations found in coluTMn 
tests using Seafield sewage. 
/ 
TABlE 15 	
SUSPENDED SOLIDS (p.p.m.) IN SAMPLES FROM 3 
MAJOR OUT FALLS 
MID SETTLEMENT OF COMPOSITE SAMPLE IN QUIESCENT COLUMNS. 
Corstor— 1Water of 	afi 
p' hine 	Leith(1889)1 
-------4--- 
Composite sample in Columns A and. B % Redno aft&; 
2 hrs in 
G-ranton  
t 	0 1 hr 2 hrs. 24 hi's. 
91) 	(797) 	(198)  
- - ________ -- 
325 961 	262 
- 
- 	813 	309 
(o) (180) 























263 	1051 	214.8 
(185) (7C0) (162) 
214.0 	958 	4.12 











160 	832 	383 







- 	 4.3 
- 43 
Figures in brackets represent settleable solids (p..p.m.) 	 - 
Fir,. 47 Settlement of composite sewage from 3 main outfaj.ls in quiescent columns 
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